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Theory and Motivation

In the Standard Model, ttH
cross section is small compared
to gg — H, VBF, and VH

Top quarks are quite distinctive,
giving good background
discrimination

If a new particle is discovered,
measuring its coupling to top is
important in establishing
whether or not it is a Standard
Model Higgs

Beyond the Standard Model,
many models enhance the ttH
cross section

J.S. Wilson (CDF and DQ)

103E
olf]

1

oo
SIAIE

99,09

TeVALHC Higgs working group
coc e by

wHo

100

120 140 160 180

August 30, 2011

200

3/16



. OHIO
Available Search Channels

bb @ Tops both decay to Wh, so
Ww channels determined by W
decays:
| { + jets One W decays to e or p
99 Fr+ jets One W decays to T or to e/u
but lepton is missed
« All jets Both Ws decay hadronically

Branching Ratio

@ Although b tagging is employed,

10 ] we include non-bb Higgs decays.

o Additional acceptance from
H — WW and other decays
improves sensitivity, especially at
higher masses.
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A little history gISiEO“

Before summer 2011, best ttH search result was from D@ in 2009.
Using 2.1fb™1, a 95% C.L. upper limit of ~ 45 was set on

o x BR/SM at my = 120 GeV/c?.

This summer, CDF produced new ttH searches in multiple channels.

@ | will concentrate on these new results in this talk.
103 T T T T e T
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[ ttH = ttbb
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Lepton plus Jets

@ Top decay final state fvbbqq

o Higgs decay final state bb,
WW/ZZ — qqqq, 7T, etc.
@ Select sample of events with
o Well-reconstructed e or p,
with pr > 20GeV ¢!
o Fr>20GeV
e >4 jets:
o Er > 20GeV
e || <2.0
e > 2 btags
@ Further divide this into 4 regions
with different S/B:
o exactly 4 jets vs. > 5 jets
e exactly 2 b tags vs. > 3 b tags
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Lepton plus Jets

Signal modeled using Monte
Carlo, with assumed Higgs
masses 100 — 170 GeV//c?.

Most background modeled
using Monte Carlo, with
Myop = 172.5 GeV/c2.
Multijet production modeled
using data driven technique.

Tagging algorithms applied to
MC jets that are matched to
generator level b or c.

Other MC jets tagged using
measured light jet tag rate
from data.

J.S. Wilson (CDF and D®)

Background Model S

@ COF Run il ey 75 0" T
§6°§ 4jets, 2 tags e
o 50: — tiH 120x50!
w0k [T W& 120
g DMuI(iJe(
30: .D\boson
ch [ DW/Zﬂets
10: ;H H.Smgle Top
F g % .DiTnp
O(; 20 40 60 80 100 120 140 2
Mj; (untagged) (GeV/c )
Process > 4 jets, > 2 b tags
tt 781.42 £ 44.01
W /Z+jets 70.36 +11.22
Multijet 25.54 +13.08
Single Top 12.28 £ 0.50
Diboson 3.56 +0.29

Total Background

893.16 £+ 47.27

ttH

1.83 £ 0.05

Observed

892
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Events

Events

Lepton plus Jets

8 CDF Run Il Preliminary, 7.5 fo TH > Ijets
7; 5+ jets, 3+ tag: ¥ data
e% — {TH 120x5(]
SE .tEH 120

E HD Multijet
45 H. Diboson

E | [Jwiz+jets
2 ; J L . Single Top|
i Woimop

E ™
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H T ( Ge )
CDF Ru I\;rehmmam 7517 1iH > +jets
r 4 jets, 3+ tags +dala
10: [ — tiH 120x50(

r i W20

L [ muttijet
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4 L DWIZﬂe(s

r H.Smgle Top
g Wowr
%
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Discriminants STATE

@ For each Higgs mass point, train
a Bayesian neural network
ensemble to discriminate ttH
from tt

@ 24 input variables, including

e Dijet mass of leading
untagged jets

o Hr, lead jet E7, Ft

e Minimum AR between b jets

e etc.

August 30, 2011 8 /16



SNBSS  Outputs my = 115 GeV/c?

@K 700 CDF Run Il Preliminary, 7.5 f6° T > ljets @B 22° CDF Run Il Preliminary, 7.5 1" H > Hjets
[ S E
L% 6Gf ~+4-data E jzf ~+-data
bl 4 jets, 2 tags | p 5 jets, 2 tags |0
E | W10 b W20
AO? | [muijet 12; ‘ HDMultijet
30; .leoson mi | I i i .Dibosun
E [ wizsiets 8F H [Jwiz+jets
20 11 E
E Single Top I " I H.SingleTop
10F Woiwr Woiop
E S g iee E
%01 02 03 04 05 06 07 08 08 1 %51 02 03 04 05 06 07 08 08 1
Discriminant Output Discriminant Output
12} ‘CDF Run Il Preliminary, 7.5 b iH > I+jets 12} CDF Run Il Preliminary, 7.5 fb" i > Ijets
c 167 c F
:>j F 1 ~+-data % o ~+-data
14 . . E . .
£ 4 Jets, 3+ tags tTH 120x500) F 5+ jets, 3+ ta gs | 120G
s [ FIPEN 8 Wii+120
10~ [ muttiet [ - [ muttijet
£ 6
8 i H.leoson r Hbiboson
£ L | F
= [wizets 4 [Jwiz+jets
4 .SmgleTop .SingIeTop
2 .D\Top .DiTop
0

0 01 02 03 0.? 0.5_ 0._6 07 08 09 1 01 02 03 0.1‘_1 0.5_ 0._5 07 08 09 1
Discriminant Output Discriminant Output
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Lepton plus Jets

@ Since no significant excess
observed, set upper bounds on
cross section X branching ratio
at 95 % confidence level using a
standard Bayesian calculation

@ Sources of systematic
uncertainty:

b tag efficiency

Cross sections

Jet energy scale

Luminosity measurement

Intial- and final-state radiation

Mistag rate

J.S. Wilson (CDF and

Results

CDF Run Il Preliminary (7.5 fb ), tiH — I+jets

3
N

5 jets, &l tag categories

pected

60

5

95% CL Limit/'SM
3

E
1o
Ex

30

20

10

100

| | i
110 120 130 140 150 160 170

myg Obs —20 —1l0 Exp +lo +420
100 16.3 4.5 62 89 130 183
105 19.0 4.8 6.7 10.0 14,5 19.7
110 18.0 5.4 7.2 10.3 148 21.3
115 22.9 6.0 8.3 11.7 169 241
120 274 6.3 8.7 12.7 191  26.7
125 25.6 7.2 9.7 14.0 204 30.1
130 266 85 114 16.6 24.0 33.1
135 349 97 136 185 273 39.1
140 33.1 10.6 13.9 19.7 29.0 42.5
145 40.6 11.5 15.6 21.5 30.7 44.5
150 47.2 119 16.6 22.4 332 46.7
170 56.6 17.8 23.1 32.3 46.6 62.4

CDF Run II Preliminary, 7.5fb~1, ttH — £ + jets
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‘j MET plus Jets and All Jets SIedle)d
@ Base selection is shared between
F1+ jets and all jets channels:

o high-pr e/u veto

e >4 jets:
o Et > 15GeV
e || <2.0

o leading jet Et > 50 GeV

e second jet ET > 40 GeV

e Hr > 300 GeV
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4 MET plus Jets and All Jets SIedle)d

@ Base selection is shared between
F1+ jets and all jets channels:

o high-pr e/u veto
° > 4 jets: MET+Jets before correction ( = 1tag)
o Er >15GeV g w R
° |n| <20 % . -ﬂH(MHZIZDGeV/cz)
w10 ~
o leading jet Er > 50 GeV o
e second jet Et > 40 GeV o e
e Ht > 300 GeV 10°
@ F1+ jets channel additional -
cuts:
10
° ET/‘/ Z ET > 2 GeV1/2 0z o 02 0.4 06 08 1 Nﬁz
o 5< Njeis <8 _ o
o NNgcp > 0.8 NNqcp trained to discriminate ttH

from multijet production
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11T

&) MET plus Jets and All Jets SIedle)d

i

All jets before correction (= 1tag)

CDF Run Il Preliminary (5.7 b )

@ Base selection is shared between

F++ jets and all jets channels: f . [ o, - 00w
o high-pr e/ veto v M«
e >4 jets: 10° non-t BKGD
o Er >15GeV -
e || <2.0
o leading jet ET > 50 GeV v
e second jet Et > 40 GeV 10
° HT > 300 GeV 0 0.2 0.4 0.6 0.8 '%‘chm

All jets pre-signal region (2-tag)

CDF Run Il Preliminary (5.7 fb )

8'180;7 —e— Data
g 160? R { - 1TH (M, = 120 GeVic?)
140; ; -ﬁ
120 5 8 )
100; + N non-tf BKGD
@ All jets channel additional cuts: i3 )
o Fr/\/3 Er <2GeV'/? o
o7 S leets S 10 20;*
e NNqcp1 > 0.9, NNqcp2 > 0.7 oz o oz o4 o8 o8 1T
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11T

MET plus Jets and All Jets [DISSTOIENIN o0

il

i

CDF II Preliminary 5.7 fb~*

2-tag (BT +jets) 3-tag (Er +jets)|2-tag (all jets) 3-tag (all jets)
Signal 1.0 £ 0.1 0.8 £ 0.1 0.7+ 0.1 0.8 + 0.1
tt 316.1 £ 43.3 66.6 £ 9.8 120.7 £ 16.5 43.1 £ 64
non-tf 488.9 £+ 41.4 98.5 + 12.6 3289 £ 35.3 827+ 118
Total Expected  806.0 £ 59.8 165.9 + 16.0 450.3 £ 38.9  126.6 4+ 13.4
Observed 756 151 424 133
Train another neural network to Final discriminant is NN1,, X NNqcp
discriminate tt from ttH (NNop) (NNtop x NNQcp2 for all jets)
MET+Jets signal region (3-tag) Al jets signal region (3-tag)

CDF Run Il Prefiminary (5.7 fb ) 22 CDF Run Il Preliminary (5.7 fb )

g —e— Data g —e— Data
S S 20
a T - 2 a T - 2y
8 - tEH (M, = 120 GeVic?) 2 . - H (M, = 120 Gevic?)
& 16 Ly & o«
16

14 non-tf BKGD non-tT BKGD

12 — tiHx 100 . — tiHx 100

10

12 0 0.2 0.4 0.6 0.8 1
NNrop NNocoz X NNrop
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MET plus Jets and All Jets

Limits for t TH in MET+Jets channel

CDF Run Il Prefiminary (5.7 b )

~140—
&> [ — Observed
3 120} -------- Expected
. — . fiof W0
@ Again, no significant excess is g | O
5 80—
observed, so set 95% C.L. upper 3 F
. S 60—
bounds on production rate. E:
@ Systematic uncertainties from: bl
. S ¢
o Cross sections N R A
. . 100 110 120 130 140 150
lumi nosity Higgs Mass (Gev/c ?)
trigger modeling Limits for t TH in All Jets channel

CDF Run Il Prefiminary (5.7 o )

b tag scale factor 3140

"]
]
° 5 :7 — Observed
e jet energy scale S 1200 o Expected
e . . . &) C

e initial-/final-state radiation £ 100 5*1"

4 L +20
o PDFs E b
e non-tt background model 2ol
e b-tag categorization s f

g 40

8 2of

o C

100‘ — ‘12‘[0‘ — ‘1‘20‘ — ‘1‘ — ‘14;0‘ — ‘15‘)0

30
Higgs Mass (GeV/c ?)

n (CDF and



il

MET plus Jets and All Jets EERCSIIS %gﬁ

Limits for ttH in missing E;+Jets and All Jets

140 CDF Run Il Preliminary (5.7 fb7)
120 — Observed
-------- Expected
. . . . 100
@ Again, no significant excess is Ez

@
S

observed, so set 95% C.L. upper
bounds on production rate.

@
S

IS
S

e Systematic uncertainties from:

N
=]

Cross-section Upper Limit 95% C.L./og,

Cross sections

o
[*] Ium|nos|ty 1(‘)0‘ — ‘1‘10‘ — ‘1‘20‘ — ‘1.’;10‘2‘ ' ‘11‘10‘ — ‘1_"‘30
. . Higgs Mass (GeV/c")
o trigger modeling ‘ . I
CDF 1I Preliminary 5.7 fb
o b tag Scale factor My Expected Limits Observed Limits
H (GeV/c?) 20 -l0 Median lo 20
° J_eJ_E .energ.y scale L 100 6.3 10.0 15.2 22.6 32.6 21.5
e initial-/final-state radiation 105 6.9 108 16.3 238 348 23.0
110 7.6 1.7 17.8 26.3 37.7 24.5
o PDFs 115 8.2 132 20.2 30.1 43.3 28.1
T 120 9.7 151 22.9 342 49.1 31.4
° non-tt backgljouer model 125 11.317.5 26.2  39.5 56.9 36.2
e b-tag categorization 130 135208 315 46.8 66.9 43.6
135 154 24.3 36.8 54.6 784 48.6
140 18.328.9 44.2 658 95.6 56.2
145  21.7 350 53.4 79.8 114.5 68.1
150 25.239.7 60.3 89.9 126.9 72.6
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Combined ttH Results %Si%

@ We also produce 95 % C.L. upper limits on ttH production in
combined ¢ + jets, F1+ jets, and all jets channels.

@ This combination makes ttH the fou_rth most sens_itive low-mass _
channel at CDF, behind WH — ¢vbb, VH — Etbb, and ZH — (Lbb.

w0 CDF Run Il Preliminary (5.7-7.5fb ™) my Obs —20 —l0 Exp +lo 420
& gsorarentoon 100 144 38 50 7.0 100 142
T i s 105 168 41 55 7.6 107 149
N P 110 160 44 58 81 116 163
o CE— obsenvea 115 17.8 50 64 89 127 180
g 120 237 54 71 10.0 144 206

2sE 125 242 61 81 114 163 231

2

S

130 23.2 6.7 9.1 12.9 18.2 25.5
135 31.2 7.8 10.7 15.2 21.3 29.6
140 29.9 9.0 12.0 16.4 22.6 30.8
145 35.6 9.7 13.1 18.4 26.0 36.4
AT NS PV EUNIE NN P ST P P 150 40.5 10.2 14.0 19.5 273 37.7

100 105 110 115 120 125 130 135 140 145 150 -
Higgs Mass (GeVic %) CDF Run II Preliminary, 5.7-7.5fb~!, t#H combination

\

15

10
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; OHIO
Conclusion SIAIE

@ We have searched for ttH at CDF in three channels: ¢ + jets,
Fr+ jets, and all jets.

o We set 95% C.L. upper limits on the o(ttH) x BR/SM using the
combination of all three channels.
o At my = 120 GeV/c?, we obtain:

o Expected limit: 10.4,
o Observed limit: 22.2.

@ These results were included for the first time in the Tevatron Higgs
search combination presented at EPS 2011.

e ttH is a very sensitive Higgs search channel with potential for
observation of BSM physics.

@ Observation of ttH will be important post discovery at the LHC to
verify that the Higgs is the Higgs.
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SET NI Nl de )l  Background Model Qﬁ;ﬁ

@ b-tag rate applied to pre-tag
data in signal region

e tt and ttH modeled using same
Monte Carlo as ¢ + jets

@ tt contribution is iteratively

@ Non-tt background (mainly removed from multijet model

multijet) model is data driven ) . :
jet) @ Reweight in Nets using control

@ Need to model multijet rate and region 0.05 < NNqcp < 0.4
shape in 2 and > 3 b tags

. @ Correct for tag rate correlations
regions (bness tagger)

due to pair production

° SeIeCt 3 (4) Jet events n ET + MET+Jets background region (1-tag)
jetS (a” jets) Channel 12000 CDF Run 1I Preliminary (5.7 b )
% — —e— Data
@ This sample is uncontaminated £ | [ i+ o, - s20eue
by tt and ttH E [
. . 8000? ——— BKGD
o Find per-jet b-tag rate, ook
- . - 00 —
parameterized in three variables : \
o jet ET, Niacks in jet cone o N
o By + jets: Ercos Ap(frjet) = L
° a”JetS: Noertices s 4 s s 7 8 9 10 1w

Number of jets
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